The effect of a high partial pressure of carbon dioxide environment on metabolism and immune functions of human peritoneal cells-relevance to carbon dioxide pneumoperitoneum.
Our purpose was to evaluate in vitro the effect of a high partial pressure of carbon dioxide environment used in laparoscopy on metabolic and immune response of various human peritoneal cells. Polymorphonuclear leukocytes were obtained from 5 healthy volunteers, peritoneal macrophages were obtained from the effluent of 8 patients undergoing continuous ambulatory peritoneal dialysis, and human peritoneal mesothelial cell cultures were prepared from omentum derived from 5 patients undergoing elective surgery. The cells were exposed to a laparoscopy-like environment (1 atmosphere carbon dioxide and 0.2 atmosphere oxygen), to a control gas mixture (1 atmosphere helium and 0.2 atmosphere oxygen), or air for 3 hours. After exposure to gas mixtures, cell functions were tested at various recovery periods. Three hours of exposure to a high partial pressure of carbon dioxide had no effect on viability of peritoneal macrophages and human peritoneal mesothelial cells, tested by trypan blue dye uptake and lactate dehydrogenase release. A high partial pressure of carbon dioxide decreased the mitochondrial dehydrogenases activity of peritoneal macrophages and human peritoneal macrophage cells by 60%, assayed by 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide reduction. High partial pressure of carbon dioxide blocked the superoxide release from activated polymorphonuclear leukocytes and the secretion of interleukin 1beta from stimulated peritoneal macrophages, and human peritoneal macrophage cells were decreased by 15% and 30% and the secretion of tumor necrosis factor-alpha from peritoneal macrophages was suppressed by 85%. Mitochondrial activity, polymorphonuclear leukocyte function, and interleukin 1beta and tumor necrosis factor-alpha secretion returned to normal after a recovery period of 12 to 24 hours, 4.5 hours, and 24 hours, respectively. In the control experiments exposure of cells to helium had no suppressive effect. Exposure of cells to a high partial pressure of carbon dioxide environment suppresses the inflammatory and metabolic responses of peritoneal cells. We suggest that this suppressive effect may contribute to the low postsurgery adhesion formation and the reduction in postoperative pain observed in laparoscopy. Nevertheless, the suppression of the immune response should also be taken into account for operations involving a high risk of bacterial dissemination.